This paper presents integrated magnitude and colours for synthetic clusters. 
INTRODUCTION
Star clusters are useful objects to test the theories of stellar evolution and stellar dynamics.
The star clusters in the Milky Way and in the Magellanic Clouds span a wide range in age (from few Myr to few Gyr). The large range in the age of the clusters allows to observe star clusters at various epochs in their evolution and make it possible to identify evolutionary trends.
In spite of the advent of new generation ground and space based telescopes, the integrated parameters of star clusters are the only observable parameters to investigate the evolutionary history of stellar systems beyond the local group of galaxies. In order to interpret the integrated parameters of extra-galactic star clusters, it is necessary to study the integrated parameters of star clusters of our galaxy where observation of individual stars in the cluster region can be carried out to study the various parameters like age, mass, metallicity, etc.
with sufficient accuracy (e.g. Hancock et al. 2008 and references therein).
Various efforts both from a theoretical or an observational point of view (see e.g. Searle R and I magnitudes for clusters younger than 100 Myr are mainly for MS population as CCD observations of bright stars are not available in these clusters. Therefore the observed evolution of (V − R) and (V − I) colours is different from the theoretical evolution (which is for the whole cluster population) given by Maraston (1998) and Brocato et al. (1999) .
Integrated UBV photometry for 147 LMC star clusters was reported by van den Bergh (1981) . The sample of integrated UBV magnitudes was further enhanced to 624 by Bica et al. (1992 Bica et al. ( , 1996 . Recently Rafelski and Zaritsky (2005,hereafter RZ05 ) have reported integrated magnitude and colours for 195 SMC star clusters. A comparison of their data with the model of Leitherer et al. (1999) and Anders & Fritz-v. Alvensleben (2003) indicates a large scatter in the observed data with a systematic difference between the observed data and the model.
Because of the relevance of the integrated parameters, population synthesis models have been continuously upgraded over the years (cf. Brocato et al. 1999, Anders & Fritz-v for the whole population of the cluster. The integrated colours are frequently used to date the clusters (e.g. Elson & Fall 1985 , Chiosi et al. 1988 , RZ05, Hancock et al. 2008 . Since the integrated colours of the whole cluster population are severely affected by the stochastic fluctuation (cf. Chiosi et al. 1988 ; Sec. 2 of present study), the age calibration of the clusters will also be affected accordingly. Whereas the colour evolution of MS population is quite systematic, therefore the integrated colours of MS population should give a better estimate of the age of the clusters. In the present study we have also calculated integrated parameters for MS and whole population of the synthetic clusters. The comparison with the observational data of galactic open clusters and MC star clusters has also been carried out. The paper is organized as follows. In section Sec. 2 a detailed description of the model is presented. Section 3 describes the estimation of observed integrated parameters of star clusters. In sections 4 and 5, a comparison of observed and theoretical integrated parameters has been carried out. Section 6 describes the conclusion of the present study.
THEORETICAL INTEGRATED PARAMETERS OF STAR CLUSTERS
Various evolutionary population synthesis (EPS) models, as mentioned in Sec. 1, have been developed for SSPs. The results of EPS may differ from one another due to input parameters.
The comparison of EPS with observations can give information about acceptability of a particular EPS (see e.g. Lata et al. 2002) .
We have generated synthetic colour-magnitude diagram (CMDs) of open clusters (Sandhu et al. 2003) using stellar evolutionary models by Girardi et al. (2002) . The synthetic CMDs are constructed using the technique described by Chiosi et al. (1989) . Briefly, this technique consists of random generation of stars by means of a Monte Carlo technique and distributing the stars along a given isochrone according to evolutionary phases and the initial mass function (IMF). The following expression is used to describe the IMF.
where dN is the number of stars in the mass interval dM, X is the slope of the mass function.
The Salpeter (1955) value for the slope of the mass function is 2.35. The constant A is fixed in such a way that the initial mass of cluster stars having masses between 0.6 M ⊙ 40 is about 4000 M ⊙ (for details see Sandhu et al. 2003) . The initial mass value of 4000 M ⊙ is selected as it represents approximate average mass of LMC clusters (see e.g. Girardi & Bica 1993 , their figure 8). The contribution of binary content has not been taken into account.
The star formation is assumed to be instantaneous. The integrated magnitudes and colours for the whole cluster population (i.e. main sequence and red giants population) as well as for main sequence population were calculated using the procedure described by . One hundred simulations at log (age) interval of 0.1 were carried out (for various combinations of the metallicity Z = 0.001, 0.004, 0.008, and 0.02 and mass function slope X = 1.0, 1.35, 2.35, and 3.35) and then averaged. In the case of Z = 0.001 we have also used the model by Bertelli et al. (1992) as model by Girardi et al. is available for log age 7.6. The integrated magnitudes and colours of synthetic clusters having Salpeter mass function and various assumed values of metallicity are given in Tables 1 and 2. A sample of   the Tables is shown here . Complete tables are available in electronic form only. 
The evolution of integrated magnitudes and colours
In Fig the age of the cluster, during 10 Myr to 1000 Myr, is maximum in the (U − B), (U − V ) colours, whereas the variation is minimum for V − R colour.
Effect of stochastic fluctuations on colours
Stochastic effects can produce a significant amount of dispersion in the integrated colours, especially in the integrated colours of very young clusters which contain RSG stars (cf. Girardi et al. 1995) . To study the influence of stochastic effects on colour evolution of synthetic clusters, we carried out one hundred simulations assuming Z = 0.02 and X = 2.35 and 1.35 for the cluster. We estimated the mean colour and standard deviation around the mean colours. i) For log (age) 6.7, the dispersion is low in all the colours. This is due to lack of evolved stars.
ii) For 6.7 log (age) 7.5, the dispersion is high with a peak at log (age)∼ 7.0. The large scatter in the colours during this period is due to small number of RSG stars. The dispersion in (V − I) is relatively higher at all ages.
iii) In the case of clusters having log (age) > 7.5, the dispersion in colours decreases with the age.
Effect of IMF and chemical composition
To study the influence of IMF on the integrated magnitude and colours, we again carried out simulations by varying the slope of the mass function X. Fig. 4 shows evolution of show any significant impact on the evolution of integrated V magnitude as well as on the
and (V − I) colour evolution of clusters having log (age) <8.5, however, for older clusters the colours become bluer for Z = 0.008 and 0.004 than the solar metallicity models. The same effect has also been reported and discussed by Brocato at al. (1999) . However, the effect of metallicity on the (B − V ) colour obtained by us is not so prominent as reported by Brocato et al. (1999) .
Comparison with previous models
The EPS are being continuously upgraded over the years (e.g. Brocato et al. 1999 , Maraston 1998 intermediate ages major source of discrepancy between the models arises due to Asymptotic Giant Branch (AGB) phase.
In Fig. 6 we compare our results for solar metallicity and Salpeter IMF (whole cluster population) with those by Brocato et al. (1999) and Maraston (1998) . The comparison indicates that;
i) The (U − B) and (U − V ) colours obtained in the present work are slightly bluer in comparison to those given by Brocato et al. (1999) and Maraston (1998) .
ii) An agreement can be seen between (B − V ) colours obtained in the present work and those by Brocato et al. (1999) . Keeping in mind the errors reported in Sec. 2.1 the (B − V ) colours obtained in the present work are in reasonable agreement with those give by Maraston (1998) .
iii) For synthetic clusters having age > 15 Myr an agreement can be seen between (V −R) colour evolution obtained in present work and that predicated by Brocato et al. (1999) . For clusters younger than ∼ 15 Myr, the (V − R) colours obtained in the present work are bluer than the colours predicted by Brocato et al. (1999) . On the other hand the evolution of Integrated parameters of star clusters 13 iv) Considering the errors in the present (V − I) colour estimation (cf. Fig. 2 ), the predicted (V − I) colour evolution of clusters in the present work and that by Brocato et al. (1999) is in fair agreement.
OBSERVED INTEGRATED PARAMETERS

Galactic clusters
Using the observation of individual stars of a galactic star cluster, integrated photometric parameters have been obtained by several authors (Lata et al. 2002 and reference therein). were calculated using the procedure described by Pandey et al. (1989) . The colour excesses
and E(V − I) = 1.25E(B − V ). The possible source of errors in determination of the integrated parameters are same as described by Sagar et al. (1983) . The uncertainty in estimation of integrated magnitude and colours is ∼ 0.5 mag and ∼0.2 mag, respectively. Table 3 gives a sample of the catalogue of intrinsic integrated M V magnitude and (U −B),
The complete catalogue is available in electronic form only. 
Clusters in the Magellanic Cloud
Integrated UBV photometry for 147 LMC clusters has been reported by van den Bergh (1981) . Bica et al. (1992 Bica et al. ( , 1996 The Optical Gravitational Lensing Experiment (OGLE) has reported BV I photometry for 745 LMC clusters (Pietrzynski et al. 1999 ) and 238 SMC clusters (Pietrzynski et al. 1998 ). We have used above mentioned catalogues to calculate the integrated parameters of A further broader MS will have a higher probability to include non-MS stars.
The integrated parameters were calculated using a distance modulus of 18.54 mag and 18.93 mag for the LMC and SMC respectively (Keller et al. 2006) . For the age range log (age) 7.3, 7.3 log (age) 8.4, and log (age) > 8.4, the reddening E(B − V ) is assumed to be 0.14 mag, 0.08 mag and 0.03 mag for LMC clusters. For the age range log (age)
7.3, 7.3 log (age) 8.4, and log (age) > 8.4, the reddening E(B − V ) is assumed to be 0.1 mag, 0.08 mag and 0.03 mag for SMC clusters. The stars above the turnoff points are not considered for estimating the integrated parameters. All the probable MS stars of (1998) respectively.
OGLE-ID Other name Age
In Fig. 8 we have plotted magnitude M V of LMC clusters common in the catalogue of Bica et al. (1992 Bica et al. ( , 1996 and in the present work along with the model predictions obtained in the present work. The apparent V magnitudes by Bica et al. (1992 Bica et al. ( , 1996 are converted to absolute magnitudes by using a distance modulus of 18.54 and E(B − V ) = 0.1 mag. Figure   8 shows that the observations are fairly represented by the model predictions. However, a few clusters having M V ∼ −9.0 to −7.0 mag (whole population; Bica et al. 1992 Bica et al. , 1996 show a large deviation in the sense that M V estimations for MS populations are too small 
Galactic open clusters
In Fig. 12(a) we compare evolution of (U − B) and (B − V ) colours of a synthetic 
LMC clusters
The comparison of (U − B) and (B − V ) colour evolution by Bica et al. (1996) with the present model is given in Fig. 13 . The age of the clusters is taken from and Mackey & Gilmore (2003) . A constant reddening of E(B − V ) = 0.10 mag is applied to the observed data. The comparison between observed data and the model indicates a fair agreement. A few clusters having log (age) 8.0 are relatively bluer and can be explained by the MS model. Figure 13 further confirms the well known fact (cf. Olszewski et al. 1991 , Olszewski et al. 1996 ) that the oldest clusters (age > 10 Gyr) in the LMC are significantly metal poor.
In Fig. 14, integrated in the present work is compared with the colour evolution obtained for synthetic clusters. As can be seen the MS population colours are not affected by the stochastic fluctuations. The comparison indicates a nice agreement between the observed and synthetic model colour evolution manifesting that the clusters having age > 500 Myr are distributed around lower metallicity (Z = 0.004) model. However, the observed (V − I) colours for clusters having log (age) > 8.7 are found to be bluer even than those for models with Z = 0.004. Comparison of the present model (dashed and thin curves: whole population; thick curve: MS population) with the observational data for LMC cluster (whole population) by Bica et al. (1996) .
SMC clusters
RZ05 compared their observational data with the models by Leitherer et al. (1999) and Anders & Fritze-v. Alvensleben (2003) and found a systematic difference between their data and the models in the sense that the observed data are too blue for the bluest colours. A large scatter can be seen in the case of two colour diagrams namely (U − B) vs (B − V ),
In Fig. 15 we compare (U − B), (B − V ), (V − I) colour evolution of SMC clusters using the data of RZ05 with the present model. For comparison we assumed a mean reddening
Comparison manifests that for the age range 6.5 log (age) 8.0, the integrated (B − V ) and (V − I) colours follow the MS population colour evolution. The Some of the clusters in the age range log (age) > 7.5 follow the whole cluster population sequence predicted by the present model. The observed (U − B) colour evolution is fairly
represented by the present model colour evolution. (1996) , the stochastic effects play a significantly role in interpretation of evolution of integrated clusters.
As Girardi & Bica (1993) pointed out that the dispersion in the observed colour-colour and colour evolution diagram is mainly due to stochastic effects, we used with several contemporary studies. In a recent study Kerber et al. ( 2007) have found that the LMC clusters younger than log(age) ∼ 9.5 have z ∼ 0.006 with a considerable scatter.
They have also pointed out that the metallicities by Olszewski et al. (1991) are higher as compared to their values and have also discussed possible reasons for such a discrepancy.
Above discussions indicate that the colour evolution of MC star clusters discussed in Secs.
4.2 and 4.3 is in accordance with the observed age-metallicity relation for MC star clusters.
However a discrepancy in (V − I) colours for LMC clusters having log(age) 8.7 has been noticed in Sec. 4.2.
LMC clusters: (V − I) colour discrepancy
Possible reasons for the discrepancy in (V − I) colours of LMC clusters as noticed in Sec. of R V = 2.76 ± 0.09 was reported for the LMC2 super-shell sample by Gordon et al. (2003) .
However, for the LMC average sample Gordon et al. (2003) have found R V = 3.41 ± 0.06.
The metallicity in the Magellanic Clouds is substantially lower than in the Milky Way and there are indication that measured extinction curves towards LMC and SMC differ from typical extinction curves in the Milky Way (cf. Weingartner & and Draine 2001) . Because of lower metallicity the typical molecular clouds in the LMC and SMC are bigger but more diffuse than those in the Milky Way (Pak et al. 1998) . Therefore, dust grains in the LMC and SMC may not spend as much time in dark, shielded environment as dust grains in the case of Milky Way. This may result to small size dust grains, which consequently yield low value of R V in the in the LMC and SMC.
A comparison of RZ05 data with the present model (Fig. 19) indicates that majority of the observed data is fairly explained by the MS population, however some of the observations follow the whole cluster model. A comparison of Figs 18a and Fig. 19 also indicates that the scatter in MS population data is significantly less than the data of RZ05. Lata et al. 2002, MS population: present work) , LMC (Bica et al. 1996) and SMC (RZ05) clusters. (Bica et al. 1992 (Bica et al. , 1996 and SMC data (RZ05) a mean reddening of E(B − V ) = 0.1 mag has been assumed. Main conclusion of the present study are;
(U
(i) Present model suggests that colour evolution of MS population of star clusters is not affected by the stochastic fluctuations. Stochastic fluctuations significantly affect the colour evolution of the whole cluster population. The fluctuations are maximum in (V −I) colour in the age range 6.7 < log (age) < 7.5. The observed data of MC star clusters also indicate that the effect of stochastic fluctuations on estimation of integrated colours of MS population is significantly less than in the case of colours of whole population.
(ii) The evolution of integrated magnitude of star clusters with the age depends on the IMF of the cluster. Presence of massive stars, i.e. shallow IMF, makes the integrated magnitude of cluster brighter that fades relatively faster than the clusters having steeper IMF.
Variation of IMF has insignificant effect on colour evolution of star clusters after log (age)
∼ 7.5. However the colour evolution in the age range 6.7 < log (age) < 7.5 is significantly governed by the choice of the IMF. This further confirms the earlier results e.g. by Chiosi
Integrated parameters of star clusters 33 et al. (1988) , Pandey et al. (1989) , Girardi et al. (1995) , Bruzual & Charlot (2003) and references therein.
(iii) The metallicity variation does not show any significant effect on the evolution of magnitude as well as on the colours of clusters having log (age) 8.5. For older clusters colours become bluer with the decrease in metallicity. This is in accordance with the results obtained in earlier studies (e.g. Girardi et al. 1995) .
(iv) The (U − B) and (U − V ) colours for whole cluster population are slightly bluer in comparison to those reported by Brocato et al. (1999) and Maraston et al. (1998) .
(v) The (B − V ) colour evolution for the whole cluster population is in agreement with those reported by Brocato et al. (1999) and Maraston et al. (1998) . The (V − I) colour evolution for the log (age) 7.0 is in reasonable agreement with that given by Brocato et al. (1999) .
(vi) The (V − R) colour evolution obtained in the present work is in good agreement with that given by Brocato et al. (1999) , whereas the (V − R) colour evolution reported by Maraston et al. (1998) does not agree with the present work as well as with that given by Brocato et al. (1999) . is not used.
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